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POPULATION ECOLOGY

Population Growth of Rhinocyllus conicus (Coleoptera:
Curculionidae) on Two Species of Native Thistles in Prairie
SVATA M. LOUDA
School of Biological Sciences and Cedar Point Biological Station, University of Nebraska, Lincoln, NE 68588-0118

Environ. Entomol. 27(4): 834-841 (1998)

ABSTRACT The insect Rhinocyllus conicus Froehlich is a flowerhead weevil deliberately introduced into the United States for the biological control of invasive exotic thistles in the genus Carduus.
This study documents the course and magnitude of the weevil population expansion onto nontarget
host plants. No weevils were reared from either Platte thistle, Cirsium canescens Nuttall, or wavyleaf
thistle, C. undulatum (Nuttall) Sprengel, from 1977 to 1993 at 2 Sandhills prairie preserves: Arapaho
Prairie and Niobrara Valley. For Platte thistle, the number of both R. conicus adults on plants and
the number oflarvae developing in flowerheads increased significantly from 1993 to 1996. Population
growth lagged at the northcentral Niobrara Valley site, compared with the southwestern Arapaho
Prairie site, but by 1996 the densities attained were similar. For wavyleaf thistle, a later flowering
native species, the 1st weevils were also observed in 1993 at both sites. However, weevil densities
on wavyleaf thistle grew more slowly and remained significantly lower than those on Platte thistle.
The most likely hypothesis to explain the greater use of Platte thistle, compared with wavyleaf thistle
at these sites, is greater phenological synchrony of its flowerhead development with R. conicus
oviposition activity. The results suggest that inclusion of ecological characteristics, such as phenology, in prerelease studies and completion oflong-term, follow-up studies on releases would improve
our understanding and evaluation of risk to native species from potential biological control agents.
KEY WORDS Curculionidae, host range expansion, invasion, musk thistle, nontarget effects, risks
of biological control

POPULATION GROWTH AT the beginning of a hostplant
range expansion by a phytophagous insect represents
a biologically important and relatively undocumented
phenomenon (McEvoy 1996, Simberloff and Stiling
1996). This study quantifies the colonization and initial population growth of the weevil Rhinocyllus conicus Froehlich (Coleoptera: Curculionidae), a deliberately introduced biological control agent, on 2
novel, nontarget host plant species in midgrass sand
prairie.
Based on extensive pre- and early postrelease studies of R. conicus oviposition, feeding, and larval growth
(summarized by Zwoelfer and Harris 1984), significant use of North American Cirsium spp. by R. conicus
was not expected. Stronger oviposition preference for
Carduus spp. and slower larval development on Cirsium spp. were expected to select against significant
transference to native North American Cirsium spp.
(Zwoelfer and Harris 1984). They concluded
(Zwoelfer and Harris 1984, p. 59) "It is difficult to
present a convincing argument that the native thistle
will not be damaged ... in practice the effects on
native Cirsium spp. in Canada have been negligible
The development of R. conicus on native, nontarget
Cirsium spp. has been reported. This weevil has been
reared from the flowerheads of one-third of the native
Cirsium spp. in California (Pemberton et al. 1985;
Goeden and Ricker 1986a, b, 1987a, b; Turner et al.

1987; Turner and Herr 1996; Palmisano and Fox 1997),
from half of the 6 native thistle species in Rocky
Mountain National Park, Colorado [C.centaureae (Rydberg) K. Schumann, C. scopulorum (Greene) Cockerell, and C. undulatum 1 (Louda et al. 1997), and from
C. undulatum in Montana (Rees 1977, 1991), Colorado, Nebraska, and South Dakota (Louda et al. 1997).
No previous studies, however, have quantified the
dynamics of R. conicus host range expansion and population growth on native North American Cirsium spp.
Data on the interaction of R. conicus with native
thistles are of particular interest for 3 reasons. First,
they quantify a rare event of general ecological and
evolutionary interest. Second, the host range expansion onto Platte thistle, C. canescens, is of special ecological interest. Platte thistle is relatively restricted
geographically to sand prairie in the central part of the
Upper Great Plains (Great Plains Flora Association
1977, 1986). Inflorescence feeding by native insects
limits the number of viable seeds (Lamp and McCarty
1979, 1982a, b; Louda et al. 1990, 1992). And, the
availability of seed limits seedling recruitment, local
population density, and lifetime fitness of Platte thistle
(Louda and Potvin 1995). Therefore, this is a case in
which the population consequences of additional seed
losses can be predicted quantitatively. Furthermore,
Platte thistle is the putative progenitor for Pitcher's
thistle, Cirsium pitcheri (Torrey) Torrey & Gray, a
federally listed threatened species around the Great
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Lakes (Pavlovic et al.I992). The ecological similarities
between the 2 species are impressive (Louda 1994).
Inflorescence-feeding insects also reduce both seed
production (Keddy and Keddy 1984) and seedling
recruitment of Pitcher's thistle (unpublished data).
Because both of these species are geographically restricted and seed-limited, their persistence is vulnerable to further decreases in seed reproduction. Third,
the observations contribute new information for the
evaluation of ecological risks associated with classical
biological control. Biological control is an option for
the management of invasive weeds (Louda and Masters 1993; OTA 1993, 1995), but more data are needed
on potential side effects (Simberloff 1981, 1992;
Howarth 1983, 1991; Karieva 1996; McEvoy 1996; Simberloff and Stiling 1996).
Thus, the specific objectives of this study were to
quan tify the pattern of population growth of R. conicus
on 2 related, but ecologically different, indigenous
thistles (Platte thistle and wavyleaf thistle), based on
data from 2 native prairie grassland preserves over 7
growing seasons. In addition, the hypothesis that phenological synchrony influences the observed difference in use of the 2 thistles by R. conicus was examined.
Materials and Methods
Biology. The flowerhead weevil R. conicus was introduced from Europe into the United States in 1969
to limit seed production by invasive Eurasian Carduus
spp. thistles, including C. nutans L. complex and C.
acanthoides L. (Kok and Surles 1975; Rees 1977, 1991;
Surles and Kok 1978). It was then introduced into
Nebraska in 1972 and actively distributed throughout
the state subsequently (McCarty and Lamp 1982).
Redistribution of R. conicus in the United States continues (Boldt and Jackman 1993). In spring, overwintered adults of R. conicus congregate on early flowerheads, and eggs are deposited (Rees 1982). After 6-8
d the larvae hatch, burrow into the receptacle, feed for
25- 40 d, and pupate in hardened cells within the
flowerhead. The pupal stage lasts 8-14 d. A newly
emerged adult remains within the pupal chamber for
=2 wk before dispersing to an overwintering site. No
R. conicus were reported in several previous studies of
Platte thistle (Lamp and McCarty 1979; Lamp 1982a,
b; Louda et al. 1990, 1992; Louda and Potvin 1995).
Wavyleaf and Platte thistles co-occur in Sandhills
prairie. The distribution of these native species is
patchy, and neither is considered a serious weed (McCarty et al. 1967). Wavyleaf thistle, which has a broad
geographic distribution in the plains (Great Plains
Flora Association 1986), is a tap-rooted, short-lived,
iterocarpic perennial in our region (McCarty et al.
1967). Flowering starts in June, peaks in July, and is
completed in August. Platte thistle, which occurs in
disturbances in upland prairie on sandy soils in the
upper Great Plains, is more restricted. Its center of
distribution is in the Sandhills formation of central
Nebraska (McCarty et al. 1967, Great Plains Flora
Association 1977, 1986). Platte thistle is a monocarpic
perennial. Juvenile rosettes grow for 1-5 yr before
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they bolt, flower, set seed, and die (Lamp and McCarty 1981, Louda and Potvin 1995). Flowering is in
early-mid-May and completed by the end of June
(Great Plains Flora Association 1986). Platte thistle is
the earliest flowering native Cirsium in the Sandhills.
Three native insects commonly feed within the developing inflorescences of these thistles (Lamp and
McCarty 1982a, b; Louda et al. 1990,1992, Louda and
Potvin 1995). The insects include: 2 tephritid flies,
Paracantha culta Wiedeman and Orellia occidentale
(Snow), and a pyralid moth, Homeosoma stypticellum
Grote. The native species with which R. conicus overlaps most is P. culta. There are no records of any of
these native insects developing within flowerheads of
Carduus spp. (Lamp and McCarty 1982a, b).
The study was done at 2 Nature Conservancy preserves, 330 km apart: Arapaho Prairie, Arthur County,
NE, in the southwestern Sandhills and Niobrara Valley
Preserve, northern Brown County, NE, in the northcentral Sandhills. Both preserves contain characteristic Sandhills prairie vegetation (Keeler et al. 1980,
Kaul 1989), but represent different dune formations,
geographic positions, and climatic regimes within the
Sandhills (Bleed and Flowerday 1989). The study areas at Arapaho Prairie have not been grazed since
1978, whereas those at the Niobrara Valley Preserve
were moderately grazed by cattle.
Protocol. We used a stratified random sampling regime to select large rosettes of each species in each of
the 2 sites in early May, from 1990 to 1996 (n 2': 10 per
site; Table 1). Within each site, the plants were divided
equally between 2 areas, separated by >300 m. All
large rosettes encountered on walking transects
through an area were included, up to the sample size
required, if they met the a priori criterion that there
was at least 1 cm of stem, providing evidence that the
plant would flower within the season. Initial data for
each plant included: plant size, insect occurrence, and
evidence of insect feeding. Evidence of insect feeding
included: insect presence, oviposition scars, phyllary
scarring and discoloration, characteristic head malformations, and frass (Louda and Potvin 1995, Stanforth
et al. 1997). Plants were remeasured monthly: early
season (late May), when R. conicus adults were active
and most Platte thistle individuals had started flowerhead development; midseason (mid- to late June),
as most flowerheads of Platte thistle finished flowering; late season (mid-July), after most Platte thistle
seed had been released; and end of season (late August) for latest flowering individuals, predominantly
wavy leaf thistle.
Mature flowerheads were collected after measurement. Flowerheads that had flowered but were not yet
mature were covered with nylon mesh to prevent seed
release prior to the next sampling date. All heads that
flowered and large buds (> 14 mm diameter) that
developed were collected and dissected. Data from
these heads included diameter, numbers of seeds and
insects, and insect damage to the receptacle. Methods
were based on published work (Kok and Surles 1975;
Rees 1977, 1982; Surles and Kok 1978; Louda and
Potvin 1995).
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Table 1. Sample sizes for quantification of R. conicus on Platte (C. canescens) and 'Vavyleaf (c. undulatum) thisles in 2 Sandhills prairie
preserves in l\ebraska

Year

1990

1991

1992

1993

1994

1995

1996

Platte thistle
Araphaho Prairie Preserve
Plants sampled (no.)
Heads dissected (no.)
Niobrara Valley Preserve
Plants sampled (no.)
Heads dissected (no.)

19
48

15
47

10
51

1.5
76

16
102

23
120

32
100

28
104

14
29

10
48

22
127

11
112

23
87

III

42

Wavyleaf thistle
Arapaho Prairie Preserve
Plants sampled (no.)
Heads dissected (no.)
Niobrara Valley preserve
Plants sampled (no.)
Heads dissected (no.)

19
30

15
37

10
49

11
i7

9
46

13
45

10
26

20
48

22
57

10
44

10
24

10
30

12
34

15
28

Descriptive statistics, plus I-way analysis of variance (ANOVA) of square root-transformed counts,
were used to present and evaluate the patterns in key
variables (Wilkinson 1986).
Results
The data show that host range expansion by R.
conictlS onto both native thistle species at these sites

occurred in 1993, and that population growth on the
native thistle accelerated from 1993 up to the writing
of this report. Three types of evidence are available.
First, no flowerhead weevils were recorded on or in
flowerheads in 16 yr of observation before 1993. Inflorescence-feeding by insects on Platte thistle, C. canescens, has been studied at Arapaho Prairie since 1977
(Lamp and McCarty 1979, 1982a, b; Louda and Potvin
1995) and on both thistles at the Niobrara Valley
Preserve since 1990 (Table 1; unpublished data).
Second, adult R. coniclls were first observed feeding
and ovipositing on Platte thistle at Arapaho Prairie in
May 1994 and at Niobrara Valley in May 199.5 (Fig.1A;
Table 1). Numbers and densities of adults observed
increased dramatically at both sites, with a 1-yr lag at
the more northerly Niobrara Valley Preserve (Fig.
1A). The increase in adult weevil densities per plant
was significant over the 7 yr from 1990 to 1996 (I-way
ANOVA, square root-transformed counts per plant,
both at Arapaho (F = 2.21; df = 6, 122; P < 0.05) and
at Niobrara (F = 3.49; df = 6, 134; P < 0.003).
Use of thistles by adult R. conictlS was strongly aggregated. The variance-to-mean ratio from 1994 to
1996 averaged 8.4 at Arapaho Prairie and 1l.9 at the
Niobrara Valley Preserve, whereas the coefficients of
variation averaged 3.4 and 3.7, respectively. On Platte
thistle, all of the adult R. conictlS observed in 1996
occurred on only 23% of the 31 plants sampled at
Arapaho Prairie and on only 27% of the 42 plants
sampled at the Niobrara Preserve. The mechanism
underlying the aggregation is unknown.
Third, in 1993 immature weevils were first encountered within dissected flowerheads of both species of
native thistles at both sites (Fig. 2 A and B; Table 1).
Evidence of weevil feeding within flowerheads in-

creased exponentially on Platte thistle at Arapaho
Prairie from 1993 to 1995 and at Niobrara Valley Preserve from 1993 to 1996 (Fig. 1B). In 1995, the number
of weevils that developed in sampled flowerheads of
Platte thistle was much higher at Arapaho Prairie in
the southwestern Sandhills than at Niobrara Valley in
the northcentral Sandhills, both per head (Fig. 1B)
and per plant (Fig. 2A). Numbers were similar in 1996.
Significantly fewer weevils were found in flowerheads
of wavyleaf thistle than those of Platte thistle in both
1995 and 1996 (P < 0.001; Fig. 2 A and B).
Could flowering phenology help explain the greater
use of Platte thistle than of wavvleaf thistle bv R.
coniclls? Platte thistle initiated fla'werhead dev;lopment between 3 and 4 wk earlier than did wavy leaf
thistle (Fig. 3), peaking in late May to early June.
Flowering for wavyleaf peaked in late June to early
July (Fig. 3). So, in late May when adult R. coniclls
weevils were common (Fig. 1A), the number of small
flowerheads in the most susceptible size class was
greater on Platte thistle than on wavy leaf thistle (Fig.
3) .

Discussion
Population Growth. The data here document the
beginning of the host range expansion by R. conictlS on
2 native species, the initial rapid population growth on
Platte thistle (Fig. 1), and slower growth on wavyleaf
thistle (Fig. 2). The host range expansion by R. coniclls
here occurred after a quiescent period of population
dispersal and buildup, 20 yr after introduction. Despite
extensive study, no R. conicus were found on Platte
thistle 1977-1992 (Lamp and McCarty 1979, 1982a, b;
Louda et al. 1990, 1992; Louda and Potvin 1995; Figs.
1 and 2A). A similar lag has been reported for population growth by other newly introduced insects (Andres and Goeden 1971, Goeden 1978b). The mechanism underlying the lag is not known.
The significant increase in the numbers of R. conictlS
on Platte thistle (Figs. 1 and 2A) was unexpected,
based on the interpretation of prerelease studies
(Zwoelfer and Harris 1984). And, based on the existing
data for this system, this increase is likely to have a
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'95

'96

Year
Fig. 1. Density (mean + SEM) of R. conicus on Platte
thistle (G. canescens) at the Niobrara Valley Preserve and the
Arapaho Prairie Preserve in central Nebraska sandhills prairie grassland, 1991-1996 (none seen 1984-1990; sample sizes,
Table 1). (A) Number of adults observed per plant in late
May. (B) Number of pupae or pupal cases developing per
flowerhead (all heads> 14 mm diameter) by the end of plant
growth in mid-July.

large, negative impact on the abundance of Platte
thistle. In 1996, the weevil further reduced seed production over that caused by the native insects (Louda
et al. 1997), and seed was already limiting (Louda and
Potvin 1995). Also, the use of Platte thistle by R.
conicus was highly aggregated, differentially affecting
some plants more than others. Thus, R. conicus potentially represents a new selection pressure on the reproductive traits of Platte thistle. Furthermore, theory
suggests that such aggregation, which increases in
variability of fitness among individuals, can have a
destabilizing effect on population persistence (Redfern and Pimm 1988).

'92

'93

'94

'95

'96

Year
Fig. 2. Density (mean + SEM) per plant of R. conicus
pupae or pupal cases developing within flowerheads > 14 mm
diameter at Niobrara Valley Preserve and Arapaho Prairie
Preserve in the Sandhills of Nebraska, 1991-1996 (sample
sizes, Table 1). (A) Platte thistle (G. canescens). (B)
Wavyleaf thistle (G. undulatum).

Ecological Correlates. Several aspects of these results are surprising, and potentially highly informative
for our understanding of the population dynamics of
insect-plant interactions. First, phenological synchrony between insect activity and potential plant
resources appears important to the prediction of the
intensity of nontarget host plant use. The 2 overlapping native species of thistles were differentially susceptible to population expansion by R. conicus (Fig. 2).
Platte thistle flowerheads were used more heavily
than those of wavyleaf thistle. And, flowerhead development of Platte thistle was better synchronized
with the occurrence of ovipositing R. conicus adults
(Fig. 1A) than was that of wavyleaf thistle (Fig. 3). In
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prairie, Nebraska, presented as average cumulative percent
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fact, the timing of inflorescence development of Platte
thistle (Fig. 3) is very similar to that of Musk thistle
(Kok and Surles 1975, McCarty and Lamp 1981). Thus,
the coincidence of flowerhead development of Platte
thistle with the oviposition period of R. conicus represents a likely mechanism to explain the relative
vulnerability of the 2 native, nontarget Cirsium thistles
at the study sites.
The importance of phenological synchrony in determining the magnitude of flower and seed consumption by insects has been proposed previously. Klein
and Seitz (1994) found that the synchrony of plant
flowering with the oviposition period of R. conicus in
Europe, where the weevil is native, predicted its pattern of host plant use. Also, several studies suggest that
different climatic conditions in new areas may alter
relative phenologies of host and agent and so influence
the impact of an agent on the seed production of its
target weed (Goeden 1978a, Smith et a11984, Youssef
and Evans 1994, Briese 1996). For example, Goeden
and Ricker (1985) found that the most likely explanation for the minimal control exerted by R. conicus on
Carduus pycnocephalus L. in southern California was
its lack of synchrony with its target plant there. The
data in this study (Figs. 2 and 3) are consistent with the
hypothesis that phenological synchrony is a critical
determinant of the level of nontarget host range use by
R. conicus. Experiments to directly test this hypothesis
are underway.
Second, 2 important points on the dynamics of the
invasion emerge. The transfer to the native thistles and
the rapid population growth of R. conicus on Platte
thistle occurred similarly on separated, very differently managed prairies. Thus, it is clear that disturbance, such as grazing, is not a necessary component
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in the host range expansion by an invasive insect. The
population growth of R. conicus was actually faster on
Platte thistle within the ungrazed site, Arapaho Prairie, than within the grazed site, Niobrara Valley (Fig .
2). Also, both preserves were isolated from areas with
high musk thistle densities (Coffin 1995; unpublished
data). Thus, proximity to and numerical build-up on
populations of the primary, targeted host plant are not
necessary for host range expansion onto phylogenetically related native, nontarget species .
Third, given the unique circumstance of extensive
prior studies, the ecological consequences of the
build-up of R. conicus on Platte thistle can be immediately evaluated quantitatively. The data suggest that
the addition of this effective inflorescence-feeding
insect will reduce plant abundance significantly. Native inflorescence-feeding insects already limit seed
production (Lamp and McCarty 1982a, b; Louda et al.
1990, 1992; Louda and Potvin 1995). And, seeds already limit both density and lifetime fitness (Louda
and Potvin 1995). Feeding by R. conicus further reduced seed by 85.9% in 1996 (Louda et al. 1997). Based
on these relationships, a proportionate decrease in
Platte thistle population density can be predicted.
Also, because the distribution of Platte thistle is relatively limited compared with that of wavyleaf thistle,
smaller local populations and aggregated attack within
them may also negatively influence the probability of
species persistence. Finally, the buildup of R. conicus
on Platte thistle also appears to have had a negative
effect on the most closely overlapping native insect,
the tephritid P. culta. Fly densities declined at high
weevil densities (Louda et al. 1997; unpublished data).
Interestingly, R. conicus had a similar negative effect
upon the tephritid Urophora solstitialis L. when both
were introduced to control Carduus nutans L. in Australia (Woodburn 1996).
Implications for Biological Control. Control of invasive, exotic weeds is an important environmental
issue (DeBach and Rosen 1991; OTA 1993, 1995).
Classical biological control of weeds with their natural
enemies represents a possible management tool
(Kauffman and Nechols 1992; Louda and Masters
1993; OTA 1993, 1995; Guretzky and Louda 1997).
However, there are important, unresolved issues surrounding the deliberate introduction of exotic insects.
This study suggests that more ecological criteria are
needed in prerelease screenings of potential biocontrol agents. Also, additional quantitative, follow-up
studies of the population dynamics and impact of already released insects are needed, particularly where
introduced insects are known to feed upon nontarget
plant species. For example in the United States, Tyria
jacobaeae L. (Lepidoptera: Arctiidae), released to
control tansy ragwort, Senecio jacobaea L., in the Pacific northwest (Hawkes 1968, McEvoy et al. 1993),
also feeds on the native Senecio triangularis Hooker in
Oregon (Diehl and McEvoy 1990). And, the Argentine
moth Cactoblastis cactorum Bergius (Lepidoptera:
Pyralidae), used as a biocontrol agent for cacti worldwide (Goeden et al. 1967), is feeding on the few
remaining individuals of an endangered subspecies of
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semaphore cactus, Opuntia spinoStsSlma (Martyn)
Miller in Florida (Simberloff 1992, Simberloff and Stiling 1996). Such situations represent opportunities to
improve our understanding of risks.
Rhinoeyllus eonieus, in particular, presents an important case. Although it might not qualify for release
now, it was screened carefully, and it was considered
to be a safe, adequately specific biocontrol agent
(Zwoelfer and Harris 1984). Although host transfer
was recognized as an possibility, Zwoelfer and Harris
(1984) used feeding trials and field observations to
argue that R. eonicus use and impact on native species
would be very limited. They expected that higher
abundances of preferred target host (Carduus spp.),
compared with nontarget species, would curtail use of
nontarget North American Cirsium spp. by R. eonieus.
And, slowed development and lower fecundity of R.
conieus observed under the test conditions on the
native Cirsium sp. tested (c. undulatum) were expected to exert strong selection against weevils that
used native species, further limiting any impact of R.
eonicus on nontarget plants. However, weevil use of
North American Cirsium spp. has been much more
extensive and damaging than anticipated (e.g., Goeden and Ricker 1986a, b, 1987a, b; Turner et al. 1987;
Louda et al. 1997).
Why are the results, including those presented here
showing differential use of overlapping native species
and exponential growth and high densities of R. eonieus on Platte thistle, so different from those expected?
The most likely explanation is that critical ecological
questions, including those about plant flowering synchrony with weevil activity, were not addressed in the
prerelease assessments of risk. This study highlights at
least 2 questions that should have been answered.
First, were prerelease tests using wavyleaf thistle, the
species on which R. eonicus population growth was
lower and slower (Fig. 2), sufficient to evaluate the
potential range of nontarget host use and effect? Because flowerheads of wavyleaf generally develop later
than Musk or Platte thistles, it is not surprising that the
probability of significant use by R. conicus on a more
temporally synchronized native species was underestimated. Second, after colonization what outcome
should be expected for palatable native species when
the preferred target plant species is absent or significantly reduced? Little research has focused on risks
to potentially acceptable native plants, or their dependent species, in the absence of the preferred target
species after the naturalization of an exotic insect such
as R. conicus.
In retrospect, neither the use of native Cirsium spp.
in the absence of the targeted Carduus spp. nor the
role of phenological synchrony in host preference
between 2 co-occurring native thistles is surprising. In
the absence of the preferred host, a less preferred
species will be vulnerable. And, the coincidence of a
potentially limiting resource, such as flowerheads for
a flowerhead-feeding insect, with the period of insect
activity that determines its distribution on the resource should be expected to influence level of use
and impact. Prerelease studies of potential biocontrol

insects generally do not include this type of ecological
information in the assessment of risk. The choice of
potential plant hosts to evaluate for risk now focuses
on economic plants and phylogenetic ally related rare
native species. The study clearly illustrates that more
ecological criteria should be used to identify additional potentially vulnerable native species for prerelease assessment of ecological risks posed of potential
agents. Also, additional long-term studies of the impact and side effects of insects already released will
also provide information that should improve the selection of agents with reduced risk in the future.
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